INTRODUCTION
Since the introduction of oral contraception in the early 1960s more than 300 million women are thought to have used it, 1 often for prolonged periods and at a time of good health. Many studies have examined the potential association between oral contraception and cancer. The evidence suggests that current users of combined oral contraceptives have an increased risk of cancer of the breast, cervix, and liver compared with non-users. [1] [2] [3] [4] The risks of breast and cervical cancer decline after stopping oral contraception, returning to that of non-users within about 10 years. 2 3 Current users of combined oral contraceptives, however, have a reduced risk of cancer of the endometrium, 1 4 ovaries, 1 4 and, possibly, colorectum. 1 4 5 The benefits for ovarian and endometrial cancers seem to persist for many years after stopping oral contraception, perhaps more than 15 years. 1 4 The long term cancer benefits might counter the short term harmful ones if they persist into the age when most malignancies become common in women-50 years or more.
Cohort studies are particularly useful for investigating the overall balance of risks and benefits associated with an exposure. Two large cohort studies reported on the overall risk of death from cancer among ever and never users of oral contraception; neither found significant differences between the groups. 6 7 Although this was reassuring for fatal cancers further exploration of the overall balance of cancers is needed using incident data. A Norwegian cohort study found no significant association between oral contraceptive use and the combined risk of breast, endometrial, and ovarian cancer. 8 A neutral balance of invasive genital cancers among ever and never users of oral contraception was found in the Royal College of General Practitioners' oral contraception study in the late 1980s. 9 Recently the Oxford/Family Planning Association contraceptive study found a significantly reduced risk of gynaecological cancers combined among ever users of oral contraceptives compared with never users. 10 We used data from the oral contraception study to test the hypothesis that, compared with never users, ever users of oral contraception have a reduced overall risk of cancer, an effect that is strongest in women aged 40-60.
METHODS
The Royal College of General Practitioners' oral contraception study began in May 1968. Over a 14 month period 1400 general practitioners throughout the United Kingdom recruited about 23 000 women who were using oral contraceptives and 23 000 women who had never used them. 11 The mean age at recruitment was 29 (standard deviation 6.6). All the women were married or living in a stable relationship and most were white. Baseline information collected included smoking habits, social class (based on husband's occupation), parity, and important medical history. After recruitment the general practitioners supplied information every six months about any hormonal preparations prescribed, any pregnancies and their outcome, all new episodes of illness (including cancer), and any surgery in women still under their observation. Women remained under follow-up by their general practitioner until they left the area of the recruiting doctor (about 56% of total cohort), their doctor left the study (13%), they obtained their contraceptives from a source other than the general practice (3%), they died (2%), or the study stopped follow-up by general practitioners (at the end of 1996, 26%).
In the mid-1970s three quarters of the original cohort was flagged at National Health Service central registries in Scotland and England so that subsequent cancers and deaths could be reported to the study, even if women were no longer under follow-up by their general practitioner. The remaining 24% of women could not be flagged because they or their doctor left the study before flagging started.
Two datasets were compiled. In both, women not flagged were included up until they were lost to follow-up (figure). In addition, the main dataset included information up to the date of the first relevant cancer or December 2004 (whichever came first) for flagged women still under observation by their doctors when such follow-up stopped in 1996, for flagged women lost to the study before 1996 who were aged 38 or more at the time of loss, and for flagged ever users lost to the study before 1996 who were younger than 38 at the time of loss. We excluded, from the time of loss, flagged never users younger than 38 and lost to general practitioner follow-up before 1996 because we did not know whether they subsequently started using oral contraceptives. We assumed that older never users were unlikely to have started oral contraceptives because 91% of women in the study who used oral contraceptives started to do so before age 38. This threshold was chosen as a balance between maximising the amount of data available for analysis and minimising the risk of misclassification of contraceptive status. Never users in the main dataset therefore were women who were known, or assumed, to have never used oral contraceptives.
The general practitioner observation dataset included cancers, periods of observation, and other relevant information obtained while women were under observation by their doctors up to the point of their being lost to follow-up, the first relevant cancer, or December 1996, when all observations by doctors stopped (whichever came first). This dataset had comprehensive information about type and duration of oral contraceptives used, information that could not be updated once women left observation. It also contained information about use of hormone replacement therapy while under general practitioner follow-up.
The main dataset had the largest amount of data and so provided the most precise risk estimates. In this paper we present cancer rates for ever and never users from both the main and general practitioner observation datasets; rates of any cancer in different age, parity, smoking, and social class subgroups of women in the main dataset; and cancer rates by duration and time since last use of oral contraceptives, using the general practitioner observation dataset (since complete information about this variable was only available in this dataset).
The cancers were coded using the international classification of diseases, eighth revision. When the discrepancy could not be reconciled, the doctor notified information took precedence (24 cancers). On 19 occasions more than one cancer was reported for the same date and we were unable to check the original records. In these instances we recorded one event and coded it as cancer site unspecified.
Statistical analyses
We calculated unadjusted and directly standardised rates of first ever diagnosis of cancer among ever and never users of oral contraceptives using the dstdize program in Stata 9.2. Rates for the main dataset were standardised for age group (<30, 30-39, 40-49, 50-59, ≥60) and parity (0, 1, 2, ≥3) at the time of the event, and smoking (0, 1-14, ≥15 cigarettes daily) and social class (nonmanual, manual) at recruitment. When analysing the general practitioner observation dataset we used the same variables (with collapsed age categories, <39, 40-49, ≥50, for duration and time since last use of oral contraception analyses), in addition to use of hormone replacement therapy (never, ever). We used the total population available in each dataset as the standard in each analysis. This, as well as allowing for different variables in each dataset, means that the results from the two datasets should not be compared directly.
We aggregated events (numerator) and periods of observation (denominator) according to each woman's status at each calendar month while under follow-up by her doctor, or that pertaining when she left such followup (except for age, which continued to change). Women recruited as never users who subsequently started oral contraception were included in the ever user group from the date of starting. We excluded events and periods of observation occurring in women with the same cancer before recruitment and events and periods of observation related to pregnancy, because pregnancy can affect the presentation and progress of some cancers. Only the first event in each cancer category was counted; we removed subsequent periods of observation for that woman from the denominator of analyses relating to the same cancer category but included them in analyses of Values for age, smoking, parity, and social class based on main dataset and for use of hormone replacement therapy on general practitioner observation dataset.
RESEARCH
other cancer groups (since the woman remained at risk of having another type of cancer). When analysing the risk of any cancer we counted only the first cancer (and censored subsequent periods of observation). The total number of any cancer in the tables therefore is less than the sum of each cancer category given separately, as women could have contributed data to more than one category. When calculating 95% confidence intervals we assumed approximate normality for the log of estimated relative risks. 12 We tested trends for duration and time since last use of oral contraception using the log-linear trend test, by including them as metric explanatory variables with even spaced levels. 12 For clarity of presentation we give only the standardised rates for analyses of the subgroup of duration and time since last use of oral contraception.
RESULTS
The main dataset contained about 744 000 woman years of observation for ever users of oral contraception and 339 000 woman years for never users. The corresponding values for the general practitioner observation dataset were 331 000 and 224 000 woman years. Compared with never users ever users tended to be younger, smokers, of high parity and manual social class at recruitment, and to have used hormone replacement therapy (table 1) .
Using the main dataset ever users of oral contraception compared with never users had a statistically significant 12% reduction in the risk of any cancer (adjusted relative risk 0.88, 95% confidence interval 0.83 to 0.94, table 2). Statistically significant reductions were found in rates of cancer of the large bowel or rectum, uterine body and ovaries, as well as those of site unknown and "other." Conversely, small, statistically non-significant increases were found in the risk of cancers of the lung, cervix, and central nervous system or pituitary. No material difference was found between groups for the most common cancer, ICD-8=international classification of diseases, eighth revision. †Never users as baseline. *Main dataset: standardised rate per 100 000 woman years, adjusted for age, parity, smoking, and social status. ‡General practitioner observation dataset: standardised rate per 100 000 woman years, adjusted for age, parity, smoking, social status, and ever use of hormone replacement therapy. The total population available in each dataset was used as the standard in each analysis. This, as well as allowing for different variables in each dataset, means that the results from the two datasets should not be compared directly.
breast cancer. Taken together there was a 29% reduced risk of the main gynaecological cancers combined.
The risk estimates in the smaller general practitioner observation dataset were less precise, with many of the relative risks losing their statistical significance, including that of any cancer (adjusted relative risk 0.97, 0.88 to 1.06, table 2). The reduced risk of cancer of the uterine body and ovaries among ever users, however, remained statistically significant, with main gynaecological cancers combined of borderline significance.
In both ever and never users of oral contraceptives the rate of any cancer increased with age and smoking (table 3) . In all age groups except the youngest, ever users had a lower risk of any cancer than never users, with statistically significant lower risks found in women aged 30-39 and 50-59. Among all smoking and social class, and most parity, subgroups ever users of oral contraceptives had a reduced risk of any cancer in comparison with never users; in many cases the differences were statistically significant.
The median duration of oral contraceptive use in the study was 44 months (interquartile range 19 to 83 months, range 1 to 344 months). When all cancers were considered together, women who used oral contraceptives for more than eight years had a statistically significant increased risk of any cancer (adjusted relative risk 1.22, 1.07 to 1.39, table 4). Statistically significant increased risks among longer term (≥8 years) users were observed for cancers of the cervix (adjusted relative risk 2.73, 1.61 to 4.61) and central nervous system or pituitary (5.51, 1.38 to 22.05). Conversely, prolonged use of oral contraception was associated with a statistically significant reduced risk of ovarian cancer (0.38, 0.16 to 0.88). The trends of increasing rates of cervical and central nervous system or pituitary cancer, and decreasing risk of uterine body and ovarian malignancy, with longer durations of oral contraceptive use were all statistically significant. Analysis of the data by time since last use of oral contraception suggests that the protective effect of oral contraception for ovarian cancer lasts for at least 15 years after stopping, with reduced (statistically nonsignificant) relative risks still seen after longer time intervals (table 5). All of the risk estimates for uterine body cancer were also below unity, although only that for current and recent use (<5 years after stopping) was statistically significant. The trends for other cancers were less consistent. None of the tests for trend for individual cancers with time since last use were statistically significant. A borderline statistical trend was seen of declining risk of main gynaecological cancers combined with longer time since last use (P=0.041), as the initially increased risk of cervical cancer among current and recent users of oral contraception disappeared with time.
DISCUSSION
In this UK cohort, oral contraception was not associated with an overall increased risk of cancer. Depending on which dataset was examined, our analyses suggest either a statistically significant 12% reduced risk of any cancer (main dataset) or a more modest, non-significant, 3% reduction (general practitioner observation dataset). In either case we found no evidence of a substantial increased risk of cancer overall. A major strength of the study was the ability to include more than a million woman years of observation, accumulated over 36 years. Virtually all of the women in the study are now post-menopausal, of an age when many cancers become common. This provided a large number of events for analysis. When we were able to compare cancers notified by both sources we found a high degree of agreement between general practitioner and central registry notifications. The data supplied by the central registries depend on the completeness and accuracy of national cancer registries. Although a small proportion of cancers are likely to have been missing or wrong, 13 there is no reason to suspect that systematic differences occurred between oral contraceptive groups.
We were able to adjust for the potentially important confounders of age, smoking, social class, parity, and (for the general practitioner observation dataset) use of hormone replacement therapy. In general the adjustments made little difference to the unadjusted rates. Although the smoking data used were those collected at study recruitment, any bias would tend to underestimate the effects of smoking. Furthermore, a study of a subset of women who completed a health survey in the mid-1990s produced virtually identical risk estimates for myocardial infarction associated with oral contraceptive use based on updated smoking data as those based on information at recruitment. 14 We did not adjust for differences in hysterectomy rates between groups because we have already shown that hysterectomy is unrelated to cancer mortality in this cohort. 15 We were unable to adjust our results for other lifestyle or familial variables. Residual confounding therefore could be an alternative explanation for our findings.
The study has been prone to large losses to followup. Thus our main dataset contained only 67% of the potential 1 656 000 woman years of observation which would have occurred if no one had been lost to follow-up. Biased results could have occurred if there was a relation between leaving the study, contraceptive pill use, and cancer risk. We have previously shown that women lost to general practitioner follow-up had similar mortality risks as those still under observation, 16 suggesting no major systematic bias from loss to follow-up. In case our main dataset results were affected by the censoring of flagged never users younger than 38 when lost to general practitioner follow-up before 1996, we carried out an analysis in which both flagged ever users and never users satisfying these criteria were excluded. The adjusted relative risk for any cancer was 0.95 (95% confidence interval 0.88 to 1.02).
Our wish to maximise the amount of data available for analysis and to use cancer information supplied by the Office for National Statistics for flagged women introduced a degree of uncertainty into the interpretation of our findings. The main dataset analyses may have been prone to misclassification of exposure status as we assumed that never users older than 38 years who left the study did not subsequently start oral contraception. The level of misclassification is likely to have been small and its effect will have been to underestimate pill related cancer risks. Depending on which dataset was examined, our results suggest either a 12% or 3% reduction in overall cancer risk from oral contraception. It is worth noting, however, that these overall risks are average effects among pill users. The analyses about duration of use showed that long term (≥8 year) users had an increased risk of any cancer (adjusted relative risk 1.22, 95% confidence interval 1.07 to 1.39). It is important to remember, however, that comparatively few women in our study used oral contraceptives for such durations, with less than a quarter of users being at this increased risk.
Overall mortality in the cohort was about 20% lower than the national average in 1999, 7 mainly because women with chronic disease were not recruited to the study. 11 Although this may have affected the generalisability of the results it tends to affect estimates of absolute rather than relative risk.
Most of the pills used in the study were combined oral contraceptives containing 50 µg of oestrogen (75%; >50 µg, 12%; <50 µg, 10%; progestogen only preparations, 3%). Most women used preparations from more than one oestrogen dose category, almost entirely in a downwards direction-that is, from a >50 µg to a 50 µg preparation, or from a 50 µg to <50 µg preparation. This pattern of usage meant that it would be impossible to determine whether any associations between cancer and oestrogen dosage group were due to the effects of preparations used most recently before the cancer diagnosis, or were lingering effects from previous use of a higher dose formulation. We could not, therefore, examine cancer risk by hormonal content of pills used. Notably, only 566 women exclusively used products containing <50 µg oestrogen. The pattern of cancer risk seen in this study is consistent with that observed in many other studies. 1 4 The reduced risk of main gynaecological cancers among ever users of oral contraceptives was almost identical to that observed by the Oxford/Family Planning Association contraceptive study 10 and contrasts with an earlier report from our study. 9 In the earlier publication, a large proportion of the ever user experience related to current rather than past oral contraceptive use, and many women were just entering the age when the incidence of uterine body and ovarian cancer rises. In this paper much more of the data on oral contraception related to past use, and the cohort was older. We are unable to explain the increased risks among ever users for cancer of the central nervous system or pituitary. None of these cancers were notified as being of pituitary origin, although the frequent lack of a post mortem may have resulted in some misclassification of central nervous system events.
Many women, especially those who used the first generation of oral contraceptives many years ago, are likely to be reassured by our results. Our findings might not, however, reflect the experience of women using oral contraceptives today, if currently available preparations have a different risk to earlier products, or if differences in patterns of usage (such as age at starting oral contraceptives or duration of use) materially affect cancer risk. Although relatively limited, current evidence suggests that lower oestrogen dose formulations provide similar protection from uterine body and ovarian cancer as older, higher dose preparations. 17 18 The reanalysis of original data on breast cancer also found little difference in risk between preparations. 2 
Public health implications
In our study oral contraception was not associated with a significantly increased risk of any cancer. Indeed in the main dataset the estimated overall absolute reduction in risk of any cancer among ever users of combined oral contraceptives was 45 per 100 000 woman years, with greater benefits in older rather than younger women (age 30-39: 34 per 100 000; 40-49: 24 per 100 000; 50-59: 90 per 100 000; ≥60: 47 per 100 000). In the smaller general practitioner observation dataset the estimated absolute risk reduction was 10 per 100 000 woman years. These results suggest that, at least in this relatively healthy UK cohort, the cancer benefits associated with oral contraception outweigh the risks. The level of cancer reduction seen in different parts of the world will depend on factors such as levels of oral contraception usage, duration of use, age at stopping, and the incidence of different cancers. Further work is needed therefore to quantify the likely balance of cancer risks and benefits in different parts of the world, including effects on mortality. Tests for trend were all non-significant (P>0.05), except for main gynaecological cancers (P=0.041). *Never users as baseline. †Standardised rate per 100 000 woman years, adjusted for age, parity, smoking, social status, and ever use of hormone replacement therapy.
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